Abstract. In order to detect the key nodes in the aviation network, a node detection algorithm is proposed. In view of the fallibility of previous methods, this algorithm integrates the improved closeness sorting algorithm and the importance evaluation matrix. Firstly, the model of the aviation network is constructed. Based on the closeness sorting algorithm, a weight function is proposed, which is set to reflect the position information of the node. Then, considering the edge weights, the importance matrix is constructed, and the importance of each node is obtained. Experimental results show that the algorithm is capable of simulating the actual aviation network, using the advantages of the two methods to the most extent, at the same time, considering the route traffic.
but they only consider the case without edge, which is route traffic data in reality. Airline traffic is an important attribute index of air traffic, which reflects the role of airports and routes. However, the traditional methods of detecting complex network nodes are generally focused on the interrelationship between nodes and the topological structure of network, no consideration is given to the influence of edge weights on node importance in real air networks, and thus lack of accuracy.
In this paper, a new key node detection algorithm for aviation network is proposed by using the improved weighted closeness sorting algorithm and the importance degree evaluation matrix. This algorithm makes up for the shortcomings of the traditional method which neglects the edge weight. It can not only consider the position information of the node, but also consider the impact of the node on the whole network and the adjacent node, as well as route traffic. This method has important significance to the accurate detection of key nodes.
Basic theory
Complex network has not been precisely defined, it can be seen as a large number of real complex system topology abstraction. At present, there is a relatively strict definition of it, that complex network [6] is composed of a huge number of complex nodes and the intricate relationship between nodes. Here are some basic concepts.
The shortest path is from the node v to ' v if there exists a path (when 1 ,
is minimized. The least number of routes needed to transfer from one airport to the designated airport is known as the shortest path of the aviation network, the number of edges i e on the path is the shortest distance.
Node closeness refers to how close a node is to a local community. The airport node closeness reflects the relative location of the airport in a regional air network and the impact of the airport on the entire aviation network.
Key Node Detection Model
Air network model assumptions In order to simplify the calculation process, the following assumptions are made to adjust to the actual aviation system in the process of modeling the aviation network. We take into account of the characteristics of the aviation data, as well as the definition of complex network (Unicom diagram, simple, undirected) :
(1) The node i v in the topological model represent all the general-purpose airports with transport capacity in the whole country, the nodes set is
, and the number is N V = . (2) Edge j e represents the transport relationship between one airport and another. If there are routes between the two airports, then we consider it is connected by edge, or edgeless. There is at most one edge connected between two airports. The set
is the set of edges whose number is M E = .
(3) Assuming that the topological characteristics of the route are the same, that is, the traffic flow is regarded as the edge weight in the network, with no consideration of the transmission efficiency and transmission line characteristics.
Weighted Closeness Calculation
The position of an air network node is closely related to its importance. The more the node is toward the center of the network, the more likely it is to become a key node, the more the node is biased toward the edge of the network, the less important it is. Closeness can measure the difficulty of arriving at any node from the specified node in the air network, that is, reflecting the position of the node and its distance from the rest nodes, so as to do the critical evaluation on the air network node. The traditional closeness can be calculated by (1), (2): It can be seen from the formula that the higher the value is, the higher the node's importance is, and the more critical the node is. However, the traditional closeness sorting algorithm can't be adjusted according to the characteristics of different networks, but simply add the shortest distance between a node and the remaining nodes indiscriminately. The shortest distance between the nodes in our country is very close, which is no more than 3, so the closeness sorting algorithm is not very appropriate.
Considering the characteristics of China's aviation network, a weighted closeness sorting algorithm is proposed to highlight the influence of path distance between nodes on the detection results. Thus, here set a weight function for the shortest path, improved closeness calculation formula is as follows:
In this paper, ( ) ij f d is a logarithmic function, when the change of ij d is in a small range, the effect on the result is great; when ij d increased to a certain extent, the effect on the result will become smaller and smaller. This is done in order to highlight the influence of adjacent air network nodes on their closeness and reduce the impact of distant nodes.
Critical Evaluation Matrix
In the process of detecting the critical nodes of the air network, besides considering the importance of the location of the airport nodes, the route flow of the airport nodes is also taken into account. However, the key evaluation matrix can combine both the position of the airport node and the flight flow, therefore reflects the importance of the airport in the actual aviation network relative to other airports, and the influence of the airport on the whole traffic flow. In this paper, the key evaluation matrix is proposed based on the importance evaluation matrix. The node degree is used to compose the importance degree relations among the nodes, and edge weights and closeness are used as the evaluation parameters. The establishment of the critical evaluation matrix is described below.
In 
In the matrix, ij δ is the contribution allocating parameter, if the two nodes are connected, the value of ij δ is 1. Otherwise, the value is 0. The element on the diagonal is 1, which means the contribution of the node to the node itself is 1. In addition, k is the average degree of all nodes,
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In order to be able to reflect the role of the airport node in the course of the network transportation, combined with the flight flow, calculate the weight of each airport node, denoted as:
i N is the neighbor nodes set of node i , ij w is the weight of the edge directly connected with the node i . The larger the weight, the closer the airport node is to the surrounding airport.
Considering the node's closeness value, we replace the node's importance degree contribution ratio of IC H with importance degree contribution value, and the node importance degree evaluation matrix can be obtained: 
In the formula, Eij H is the node j 's importance degree contribution to the node i . It can be seen that the contribution value of an airport node to its adjacent airport is related to its closeness, node degree, and traffic passing through the route. The higher the closeness value, the node degree, the route traffic are, the greater the importance contribution the node to its adjacent nodes is.
Importance Calculation
The calculation of airport node importance is carried out from two aspects, one is the closeness, the other is the right side. As a method of probing the nodes of the aviation network, the closeness can determine the influence of the position of the airport on the degree of its importance. The logarithm function is used to weight the influence of the neighboring nodes, which is more pertinent to the actual aviation network. The setting of edge weights takes into account the traffic flow, which is closer to the actual reflection of the role of nodes than the previous methods. In order to combine the advantages of these two aspects, so that node detection algorithm is accurate and efficient, we define the importance of node i as i C :
In the formula, i C means the summation of all the airports' importance contribution to their adjacent airports, which is base of the sorting standard.
Detection Algorithm Steps
Here we give the flow chart of the algorithm to evaluate the node of its importance: Input: Adjacency Matrix C of node i and sort. As shown in the flow chart in Figure1, the algorithm combines the node's closeness, node degree and edge weight, which is equivalent to using the node and edge location information and network information at the same time. This method can evaluate the importance of the nodes in the air network and obtain more accurate evaluation results. Table 1 according to formula (8).
According to the importance degree of each airport node obtained by the key node detection algorithm, the following conclusions are obtained:
(1) The three cities of Beijing, Shanghai and Guangzhou are expected to be the top three, which is in line with the reality, verifies the accuracy of the algorithm.
(2) Xi'an is the geographical center of China, followed by the fourth place. Although Xi'an is not the economic center as Beijing, Shanghai and Guangzhou, Xi'an is the hub of transportation between the east and the west, and plays an important role in the entire aviation network. This shows that the detection algorithm fully considers the global importance of nodes.
(3) Chengdu, Kunming, Chongqing, Shenzhen and other cities are in the forefront, these cities are the center of the some regions, indicating that these nodes have a great impact on the local network. (4) Although cities such as Haikou and Urumqi are not located in the geographical center of China, the results of detection algorithms show that they are still important nodes.
(5) Most of the nodes in the last few cities are located in the edge of the geometric margin, and the air traffic is not much, indicating that the algorithm can perceive their location information and edge information. 
Conclusion
Key nodes of the airports in China's aviation network have been detected based on the improved closeness sorting algorithm and the importance degree evaluation matrix. Simulation results show that the algorithm proposed in this paper is well-targeted for the detection of aviation network nodes compared with the previous method. This method can reflect the importance of each airport node comprehensively, which is very important for the defense of key airport nodes. The next step of my study will be focused on key nodes detection of the civil and military airports network at home and abroad.
